ABSTRACT: Ten Holstein steers (465 ± 6 kg) with cannulas in the rumen and proximal duodenum were used in a crossover design experiment to evaluate the influence of air-dry vs fresh steam-flaked corn on characteristics of ruminal and total tract digestion. The basal diet contained 77% steam-flaked corn (DM basis). Air-dry steam-flaked corn (SFC-AD) was obtained from a single batch that had been allowed to air-dry for 5 d before beginning the trial. Fresh steamflaked corn (SFC-F) was produced daily Monday through Friday. Following production, the SFC-F was placed in air-tight polybags and stored at 4°C until the time of feeding. There was little difference ( P > .20) between SFC-AD and SFC-F with respect to site and extent of digestion of OM, starch, and fiber. Moreover, the two treatments did not differ ( P > .20) in ruminal degradability of feed N. Apparent total tract N digestion was slightly greater (2.4%, P < .05) for SFC-F than for SFC-AD. Treatments did not affect ruminal pH ( P > .20); however, VFA concentration of ruminal fluid tended to be greater (8.3%, P < .10) for SFC-F than for SFC-AD, indicating that the initial rate of fermentation may have been greater with SFC-F. Ruminal molar proportions of acetate were not affected by treatments ( P > .20), but ruminal molar proportions of propionate tended to be greater (9.7%, P < .10) and molar proportions of butyrate tended to be less (10.0%, P < .10) for SFC-F than for SFC-AD. We conclude that the characteristics of digestion and the feeding value of steam-flaked corn is not altered by air drying before feeding.
Introduction
Steaming corn facilitates movement of water into the starch granule or kernel. Further heat and pressure during rolling or flaking causes gelatinization but also tears the moist kernel apart, forming a paste of gelatinized starch that binds the kernel together into a strong flake. Following production, as flaked corn dries, a process of retrogradation can occur. Retrogradation includes a loss of gelatinization or solubility of starch, during which there is a reassociation of starch into a crystalline matrix with loss of water (Rooney and Pflugfelder, 1986) . Although air drying corn following flaking is common in southwestern feedlots, the effects of this practice on the subsequent feeding value of steam-flaked corn has not been studied. The objective of our study was to evaluate the effects of air drying steam-flaked corn on characteristics of ruminal and total tract digestion of OM, starch, fiber, and N.
Materials and Methods
Ten Holstein steers (465 ± 6 kg) with cannulas in the rumen and proximal duodenum were used in a crossover design experiment. Surgical procedures were according to Zinn and Plascencia (1993) . Steers were 1 yr of age and had been reared in confinement on high-concentrate growing-finishing diets for 8 mo before the experiment.
Steers were individually maintained in slotted-floor pens (7.6 m 2 ) with ad libitum access to water. Steamflaked corn was prepared as follows: 1 ) a chest situated directly above the rollers (46 cm × 61 cm corrugated, Memco Mill Rolls, Mill Engineering & Machinery Co., Oakland, CA) was filled to capacity (approximately 440 kg) with corn and at atmospheric pressure brought to a constant temperature of 102°C using steam for approximately 34 min; 2 ) the tension of the rollers was adjusted to provide a flake with a density of approximately .31 kg/L; 3 ) the rolls were operated for 34 min before flaked corn was collected for use in the trial. Air-dry steam-flaked corn ( SFC-AD) was obtained from a single batch that had been allowed to air-dry on an 13.5-m 2 concrete pad for 5 d Following production, the SFC-F was placed in airtight polybags (40F-1824, Elkay Plastics, Los Angeles, CA) and stored at 4°C until time of feeding. Characteristics of corn treatments are shown in Table 1 , and composition of the basal diet is shown in Table 2 . The diet was formulated to meet or exceed all nutritional requirements (NRC, 1984) , with the exception of vitamin A, which was provided as a single i.m. injection of 1 × 10 6 IU (Vitamin A&D "500", AGRIpharm, Porterville, CA) at the start of the trial. A basal premix was prepared that contained all dietary ingredients with the exception of the corn treatments. The DM content of the corn treatments was determined before feeding. This was accomplished as follows: the sample was 1 ) ground in a laboratory mill (Micro-Mill, Bell-Arts Products, Pequannock, NJ), 2 ) placed ( 5 g ) into a tared weighing dish, 3 ) heated in a microwave oven (Hotpoint, model RE55C, General Electric, Louisville, KY) for 3 min using the defrost setting and the medium-high power level, 4 ) stirred, and 5 ) heated in the microwave oven for an additional 2.2 min using the defrost setting and the medium power level. This procedure was verified to provide DM estimates similar to conventional measures based on oven drying 105°C until no further weight loss. Corn treatments were combined on an equivalent DM basis with the basal premix at the time of feeding. Dry matter intake was restricted to 7.4 kg/d, and feed was offered in equal portions at 0800 and 2000 daily. Experimental periods consisted of a 10-d diet adjustment period followed by a 4-d collection period. During the collection period, duodenal and fecal samples were obtained from all steers, twice daily as follows: d 1, 0750 and 1350; d 2, 0900 and 1500; d 3, 1050 and 1650; and d 4, 1200 and 1800. Individual samples consisted of approximately 500 mL of duodenal chyme and 200 g (wet basis) of feces. Samples from each steer and within each collection period were composited for analysis. During the final day of each collection period, ruminal samples were obtained from each steer at 4 h after feeding. The ruminal fluid sample consisted of a composite of five 20-mL subsamples of ruminal contents obtained by suction using a 50-mL syringe from separate locations within the rumen, via the ruminal cannula. Ruminal fluid pH was determined (Digi-Sense LCD pH Meter, ColeParmer, Chicago, IL) on fresh samples, and samples were strained through four layers of cheesecloth. Freshly prepared 25% (wt/vol) meta-phosphoric acid ( 2 mL) was added to 8 mL of strained ruminal fluid. Samples were then centrifuged at 17,000 × g for 10 min, and supernatant fluid was stored at −20°C for VFA analysis. Upon completion of the trial, ruminal fluid was obtained from all steers and composited for isolation of ruminal bacteria via differential centrifugation (Bergen et al., 1968) . The microbial isolates were prepared for analysis by oven drying at 70°C and then grinding with mortar and pestle. Feed, duodenal, and fecal samples were first oven-dried at 70°C and then ground in a laboratory mill (Micro-Mill, BellArts Products, Pequannock, NJ). Samples were then oven-dried at 105°C until no further weight was lost and stored in sealed glass jars.
Samples were subjected to all or part of the following analyses: ash, Kjeldahl N, ammonia N (AOAC, 1975); purines (Zinn and Owens, 1986) ; VFA concentrations of ruminal fluid (gas chromatography; Zinn and Plascencia, 1993) ; chromic oxide (Hill and Anderson, 1958) ; and starch (Zinn, 1989) . Microbial organic matter ( MOM) and N ( MN) leaving the abomasum was calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen was considered equal to OM intake minus the difference between the amount of total OM reaching the duodenum and MOM reaching the duodenum. Feed N escape to the small intestine was considered equal to total N leaving the abomasum minus ammonia N and MN and, thus, included any endogenous contributions. Methane production was calculated based on the theoretical fermentation balance for observed molar proportions of VFA (Wolin, 1960) . Data were analyzed as a crossover design (Cochran and Cox, 1950) according to the following statistical model: Y ijk = m + A i + P j + T k + E ijk , where A i is steer, P j is period, T k is treatment, and E ijk is residual error.
Results and Discussion
Reactivity of starch to amyloglucosidase ( a measure of starch solubility) was similar for SFC-AD and SFC-F, averaging 26% (Table 1) . Thus, retrogradation or loss of starch solubility was not enhanced by air drying corn after steam flaking.
Treatment effects on characteristics of ruminal and total tract digestion are shown in Table 3 . There was little difference ( P > .20) between SFC-AD and SFC-F with respect to ruminal digestion of OM, starch, feed N, and fiber, which averaged 71.3, 90.8, 64.0, and 34.5%, respectively. In a previous trial (Zinn et al., 1995) in which diet composition and level of intake were similar, ruminal digestion of OM, starch, feed N, and ADF averaged 70.3, 88.8, 65.9, and 31.4%, respectively, in close agreement with the present trial.
There were no treatment effects ( P > .20) on total tract digestion of OM, starch, and ADF, averaging 85.8, 99.6, and 47.6%, respectively. These values were also in close agreement (85.9, 90.0, and 48.3%, respectively) with results of Zinn et al. (1995) in which diet composition and level of intake were similar. Apparent total tract N digestion was slightly greater (2.4%, P < .05) for SFC-F than for SFC-AD. The basis for this effect is not certain. Apparent N digestion averaged 73.7%, also in close agreement with Zinn et al. (1995) .
Treatment effects on ruminal pH and VFA molar proportions are shown in Table 4 . There were no treatment effects on ruminal pH ( P > .20); however, VFA concentration of ruminal fluid tended to be greater (8.3%, P < .10) for SFC-F than for SFC-AD. Because the extent of ruminal OM digestion was not affected by treatments (Table 3) , this increase in ruminal VFA concentration may reflect a greater initial rate of fermentation with the SFC-F (Leng and Brett, 1966; Xiong et al., 1990) .
Ruminal molar proportions of acetate were not affected by treatments ( P > .20). However, ruminal molar proportions of propionate tended to be greater (26.0 vs 23.7%, P < .10) and molar proportions of butyrate tended to be lower (2.84 vs 3.04%, P < .10) for SFC-F than for SFC-AD.
Implications
The characteristics of digestion and hence the feeding value of steam-flaked corn are not altered by air drying before feeding.
